Purpose The aims of this study were to assess the function and quality of life after the Total Evolutive Shoulder System (TESS) reverse shoulder arthroplasty (RSA), to evaluate the radiological stability of the stemless version and to address the effect of arm lengthening and scapular notching (SN) on the outcome. Methods This was a prospective comparative nonrandomised study. A total of 37 consecutive patients (40 shoulders) underwent TESS RSA between October 2007 and January 2012; 16 were stemless and 26 were stemmed. At a mean follow-up of 39 months (15-66), we evaluated range of motion (ROM), pain and functional outcome with QuickDASH and quality of life with EQ-5D score. Radiologically, component positioning, signs of loosening, SN and arm length difference were documented. Results We found a significant improvement in functional outcome and reduction of pain in both stemmed and stemless groups. No humeral loosening was evident, but there were four glenoid loosenings. In 12 shoulders that developed SN, seven already had scapular bone impression (SBI) evident on initial post-operative radiographs. Glenoid overhang seemed to decrease the risk of SN. Arm lengthening was associated with better EQ-5D but did not influence ROM or functional outcome.
Introduction
Grammont and Baulot revolutionised the treatment of cuff tear arthropathy (CTA) in the 1980s by introducing the concept of reverse shoulder arthroplasty (RSA), which moved the centre of rotation medially and distally [1] . Besides CTA, the indications for RSA include comminuted shoulder fractures, revisions, rheumatoid arthritis (RA) and severe osteoarthritis (OA) [2] [3] [4] .
The Total Evolutive Shoulder System (TESS, Biomet, Inc., Warsaw, IN, USA) was introduced in France in 2004 and has been used in Sweden since 2007. It consists of an anatomical and a reversed version, both allowing for stemmed and metaphyseal fixed humeral components. The stemless version was developed to decrease shaft-related complications, e.g. fracture and bone loss.
The purposes of this prospective study were to assess the function and quality of life after TESS RSA, to evaluate the radiological stability of the stemless version and to address the effect of arm lengthening and the occurrence of scapular notching (SN) on the outcome.
Materials and methods
During the study period October 2007-January 2012, 37 consecutive patients underwent RSA surgery with TESS (Biomet, Inc., Warsaw, IN, USA) at Sundsvall Hospital in Sweden. Inclusion criteria were as follows: CTA, primary OA with rotator cuff dysfunction, RA and proximal humeral fracture sequelae. Painful pseudoparalysis was the main indication to operate on patients with CTA. In OA and RA patients, rotator cuff dysfunction was defined as a stiff shoulder with the intraoperative finding of an irreparable cuff.
Three different orthopaedic surgeons specialised in shoulder surgery performed the procedures. A modified anterosuperior Mackenzie approach as described by Molé et al. was used [5] . The final decision as to whether a stemmed or stemless humeral implant would be used was made intraoperatively depending on bone quality and stability of the humeral component. We chose the stemmed version if primary stability of the humeral implants could not be achieved.
Patients were mobilised with active exercises under the supervision of a physiotherapist the day after surgery. An independent surgeon assessed the patients clinically and radiologically. Pre-and post-operative active range of motion (ROM) was measured by visual estimation in degrees of abduction and flexion, while internal rotation was measured as the ability to reach behind the back. A visual analogue scale (VAS) was used for assessing pain. Functional impairment was evaluated by the QuickDASH index [6] , the EQ-5D score was used for the estimation of quality of life and global VAS for evaluation of overall health status. Radiographic assessment with anteroposterior (AP), axillary and lateral scapular radiographs was performed pre-and post-operatively by standardised views at three months and then annually. The AP view was obtained with the humerus in neutral rotation using fluoroscopy in order to obtain a tangential beam to the glenoid prosthesis and thereby examine the bone-implant interface. With the lateral scapular view, the glenosphere was maintained in profile and the scapular spine and the whole length of the coracoid in view. A 30-mm marker was used to control the magnification. The incidence of SN was assessed on the latest radiograph using the AP view according to Sirveaux [7] . Grade 1 indicated a notch limited to the scapular pillar, grade 2 reached the inferior screw of the baseplate, grade 3 extended beyond the inferior screw and grade 4 reached the central peg of the baseplate.
Glenoid loosening was defined as radiolucency under the baseplate or around the peg or screws, screw breakage or glenoid migration. The peg-glenoid rim distance was measured according to Simovitch et al. [8] as the distance from the uppermost border of the central peg to the inferior glenoid margin on post-operative AP radiographs (Fig. 1a) . The craniocaudal glenoid component position was measured as Fig. 1 a The peg-glenoid rim distance (PGRD) was measured as the distance from the uppermost border of the central peg to the inferior glenoid margin on the post-operative AP radiograph. b The craniocaudal glenoid component position was measured by drawing two horizontal lines, one from the inferior margin of the glenoid sphere parallel to another line which was drawn from the inferior margin of the glenoid. The distance between the two lines was calculated and values more than 0 mm were regarded as overhang. c Glenoid baseplate inclination was described as the angle between the baseplate and a horizontal line drawn from the upper margin of the glenoid recommended by Nyffeler et al. [9] . Two horizontal lines were drawn, one from the inferior margin of the glenoid sphere parallel to another line which was drawn from the inferior margin of the glenoid (Fig. 1b) . The distance between the two lines was calculated and values more than 0 mm were regarded as overhang. Glenoid baseplate inclination was described as the angle between the baseplate and a horizontal line drawn from the upper margin of the glenoid as recommended by Lévigne et al. [10] (Fig. 1c ). An inferior tilt was defined as an angle measuring more than 90°; a superior tilt was under 90°, while 90°was considered neutral.
A radiographic measurement of arm length was performed using a computed tomography (CT) scout view showing both arms from the acromion to the elbow joint. We excluded three patients where positioning was cumbersome because of excessive body mass index (BMI), making 27 shoulders available for evaluation. All examinations were done with the patient in the supine position, the arm positioned flat against the underlying table and neutral rotation with the palm facing upward. Three lines were defined on the CT scanogram for making the measurements: the distal humeral line, the longitudinal axis of the humerus and the acromial line (Fig. 2) . The distal humeral line was defined as a line between the most distal part of the medial and lateral epicondyles. The longitudinal axis of the humerus was defined as the central line of the humeral diaphysis from the humeral head to the elbow joint. The acromial line was drawn from the most lateral and inferior point of the acromion perpendicular to the longitudinal axis line.
Arm length was calculated as the distance from the undersurface of the acromion to the elbow joint line. Arm lengthening was calculated as the difference in arm length between the operated and contralateral arm. A positive number indicated arm lengthening of the operated shoulder, while a negative number was considered as a shortening.
The study was performed according to the Declaration of Helsinki, and the protocol was approved by the local Ethics Committee at Umea University (dnr. 2012-201-31 M). The study is registered at Clinicaltrials.gov: NCT01877434.
Statistical analysis
Statistics were obtained using SPSS for Windows statistical program release 21 (SPSS Inc., Chicago, IL, USA). The Wilcoxon signed rank test was used to compare pre-and post-operative values of QuickDASH, EQ-5D, VAS pain and ROM. The Mann-Whitney test was used to compare inclination and overhang between categories of glenoid notching. The Spearman correlation was used to evaluate relations between arm lengthening and outcome. KruskalWallis analysis of variance (ANOVA) was used to evaluate relations between notching and glenoid loosening. Values for continuous data are presented as median (min., max.). The statistical significance level was designated at P<0.05.
Results
The study group comprised 37 patients (23 women and 14 men; mean age at surgery 72.0 years; age range 60-88 years). In total 40 shoulders were operated on. The mean duration of follow-up was 39 months (15-66 months). Indications were CTA (n=14), primary OA with rotator cuff dysfunction (n= 10), RA (n=7) and proximal humeral fracture sequelae (n=9). Three patients died during the study from causes unrelated to the surgery at 20, 35 and 40 months post-operatively. For these patients, results were obtained from their last follow-up.
There was a marked improvement in shoulder function, quality of life and reduction of pain for both stemmed and stemless versions and for all included diagnoses (Table 1) . When we looked at the stemmed and stemless RSA in arthritis patients (i.e. no fracture patients included), we found the two groups to be comparable except that more women received stemmed implants (< 0.05) ( Table 2 ). Of the 16 stemless implants, two (12.5 %) were revised at three and four days post-operatively due to corolla displacement.
At radiological follow-up we found no signs of humeral implant loosening except for one stemmed shoulder where thin zones of resorption of the proximal humerus were detected. There were two RSA dislocations in two patients with fracture sequelae. These were treated with exchange of the polyethylene insert. Also, four glenoid loosenings were revised with exchange of the baseplate.
SN was seen in 12 shoulders. Seven shoulders had scapular bone impression (SBI) already on the first post-operative X- Fig. 2 Arm lengthening was assessed using a CT scout view showing both arms from the acromion to the elbow joint. Three lines were defined for making the measurements: the distal humeral line (D), the longitudinal axis of the humerus (H) and the acromial line (A). Arm length was defined as the length of the longitudinal axis line from the acromial line to the distal humeral line ray (day one to four). In the remaining five shoulders, SN appeared at seven months (three to 12 months). SBI was defined as an indentation of the lower border of the scapular pillar on the post-operative AP X-ray, which was absent on preoperative examination (Fig. 3a) . Patients with CTA had more SBI than other diagnoses (five of seven) P<0.01. All SBI progressed to become slightly larger in size and became grade 1 SN during the first three months (Fig. 3b) . Six of seven had further progression at 12 months, while one remained stationary (Fig. 3c) . At final follow-up (mean 34 months) five shoulders had grade 2 SN and two had grade 3. Three of five shoulders in the other SN group showed continuous progression over time, while two remained stationary. At final follow-up one shoulder was grade 1 SN, three were grade 2 and one was grade 3.
Three of the four baseplate loosenings occurred concurrent with grade 1 SN. The glenoid loosening became evident at 12, 15 and 24 months in cases with SN, while one loosening without SN was noted at 60 months. However, SN was not correlated with glenoid loosening and did not affect final ROM or reported quality of life. A glenosphere diameter of 36 mm was used in 26 shoulders and of that of 41 mm in 14 patients. Neither the incidence nor the severity of SN was related to the size of the glenosphere.
The inclination of the glenoid baseplate was 93°(80-105°): seven with superior tilt, 18 inferiorly tilted and 17 neutrally aligned. No correlation was observed between inclination and SN. The mean glenoid overhang was 1.3 mm (5-6 mm). With no overhang there was a higher incidence of SN (10 of 12 shoulders; P<0.001). The peg-glenoid rim distance was 20 mm (15-28 mm). The peg-glenoid distance correlated with SN. When the distance was more than 20 mm, SN was evident in 9/12, while 3/12 occurred when the distance was less than 20 mm (P<0.01).
Following RSA, the lengthening of the upper extremity was 16 mm (range 0-32 mm). We compared those with arm lengthening 15 mm or less (15 shoulders) to those with lengthening over15 mm (12 shoulders). Those with arm lengthening more than 15 mm showed greater improvement in EQ-5D (preoperative =0.41 vs 0.80 post-operatively) as compared with the others (preoperative mean =0.51 vs 0.66 postoperatively; P<0.05). However, lengthening did not correlate with degree of post-operative pain, ROM, QuickDASH or SN.
Discussion
The use of a stemless prosthesis is not routine in shoulder arthroplasty. In 2003 the French TESS group developed the TESS prosthesis to avoid stem-related complications and to enhance restoration of individual anatomy. The humeral implant stability was of concern initially. With the numbers given and considering eventual limitations related to the volume of this study, we found encouraging results with adequate humeral fixation in both anatomical and reverse versions [1, 13, 14] . In our study, with a mean follow-up of 39 months (15-66 months), there were no signs of humeral loosening after stemless implantation. In contrast, there were zones around one stemmed implant. Both stemmed and nonstemmed implants showed improvement in clinical outcome in patients having the same diagnoses.
We did not find a specific diagnosis where the use of stemless implants was mandatory. Instead the decision to use stemmed or stemless humeral implants depends on bone quality and judgment of the stability achieved during the initial preparation of the proximal humerus. It would be helpful to develop a tool to assess bone implant fixation properties. Early in this study, we had two post-operative corolla displacements. This could have been due to our early inadequate experience in assessing bone quality. In fracture surgery we recommend that only stemmed implants should be used since implant-bone stability is not expected in osteoporotic bone.
We had two dislocations after fracture sequelae; both of them had proximal humeral bone loss. The failure to achieve appropriate deltoid tension in these cases is a well-known cause of instability [11, 15] . Although good results after RSA are well documented, the problem of SN is of concern. The underlying cause, clinical significance and ways to avoid notching are still under debate.
The incidence of SN was variable, ranging from 0 to 96 %, and increased with longer follow-up [8, 11, 12] . In this study, we found SN in 30 % of our patients. However, SN did not influence the clinical or the radiological outcome. This concurs with the findings of Lévigne et al. [10] . On the other hand, Simovitch et al. [8] found that SN resulted in poorer outcome. In a previous report from our institution, we did not observe SN in any patient. This could be explained by the smaller sample size included (21 RSA) and shorter follow-up (mean 14 months).
In this study, we also noticed that some patients already had SBI on the post-operative X-ray that later developed into SN. A possible explanation could be the use of the anterosuperior approach. This approach necessitates retractors to be placed under the glenoid rim to dislocate the humerus downwards creating deformative forces on the scapular edge. Other possible explanations cannot be excluded, e.g. the forward scapular rotation in the early post-operative period or a prominent anatomical notch of the circumflex scapular vessels.
Several studies found that glenoid overhang was a critical factor to avoid SN [7, 16, 17] . We found that overhang and peg-glenoid distance over 20 mm significantly decreased SN. Our findings are consistent with Simovitch et al. [8, 18] .
In our study we did not find any correlation between inclination and SN. However, this could be due to the low number of patients with inclination over 10°from the neutral. There are divergent findings about the effect of inferior inclination on the incidence of SN. Some denied its effect [19, 20] , while others reported decreased [17, 21] or increased incidence of SN [8] .
Another important factor for stability and functional outcome is deltoid tensioning following lengthening of the arm [22, 23] . We found that arm lengthening improved the quality of life, but we were unable to note effects on function, ROM or pain. This is in accordance with previous reports that found that arm lengthening could influence the outcome [22] [23] [24] .
The limitations of our study were the relatively small sample size and mixed indications for surgery. The two study groups were not equal in size and this may lead to statistical errors. However, all consecutive patients were included and they were operated upon using the same implant and approach. Rehabilitation was standardised and all patients were followed up prospectively. Furthermore, this report included results of the stemless version of RSA, where the available data in the literature are still sparse. Fig. 3 a SBI (indicated by arrow) was defined as an indentation of the lower border of the scapular pillar on the post-operative AP Xray, which was absent on preoperative examination. b At 3 months, it became larger in size and developed SN grade 1. c At 1 year, it became grade 2 and the glenoid was loose
Conclusion
Reverse shoulder arthroplasty using metaphyseally fixed stemless humeral components is reliable if bone quality is adequate. RSA can successfully treat different shoulder problems. Glenoid overhang can reduce SN and arm lengthening has positive effects on outcome. Our method to measure arm lengthening needs further studies to ensure validity.
